Introduction
A remarkable, still unexplained feature of the spectra emerging from facular and network regions in the solar photosphere is the conspicuous asymmetry exhibited by Stokes V profiles. At disk center, the peak and absolute area of the blue lobe are larger than those of the red lobe for the majority of Fe I lines . In addition, the red lobe has a more extended wing than its blue counterpart. A detailed analysis of the properties of high spatial resolution Stokes V spectra in plage regions can be found in Martínez Pillet et al. (1997) .
The search of the processes that give rise to the area asymmetry of Stokes V has been one of the most vivid discussions of recent times in solar physics. Illing et al. (1975) first suggested that gradients of velocity and magnetic field along the line of sight may produce asymmetric V profiles. Originally, this mechanism was put forward to explain broad-band measurements of circular polarization in sunspots. Later, a series of papers refined this idea and settled down the physics involved (van Ballegooijen 1985; Sánchez Almeida et al. 1988; Grossmann-Doerth et al. 1988 ). In the current picture, the area asymmetry is produced by the combined (but otherwise spatially separated) gradients of magnetic field and velocity that photons traversing the tubes encounter at the boundary layer. These gradients are generated by the expanding walls of magnetic elements embedded in field-free surroundings.
The canopy mechanism, however, does fail to explain the peak asymmetry of Stokes V spectra. Observationally, the peak asymmetry turns out to be several times larger than the area asymmetry. All attempts to reproduce the observations have invariably led to ratios of peak to area asymmetries of the order of unity.
A number of other scenarios have been invoked to solve this problem. They include NLTE effects (Kemp et al. 1984; Landi Degl'Innocenti 1985) , linear oscillations (Solanki 1989) or longitudinal waves (Solanki & Roberts 1992) within the magnetic elements, -4 -non-linear oscillations (Grossmann-Doerth et al. 1991) and, more recently, micro-structured magnetic atmospheres (Sánchez Almeida et al. 1996) . None of these mechanisms has proven yet to be able to reproduce the observations. Non-linear, high-frequency oscillations inside the tubes have never been detected in spite of the observational efforts. Time series of Stokes V profiles at disk center analyzed by Fleck (1991) , for example, did not reveal such motions. Micro-structured magnetic atmospheres, on the other hand, seem promising but still need further development.
The present state-of-the-art can be summarized as follows: no physical process is known to be able to generate a peak asymmetry significantly larger than the area asymmetry exhibited by Stokes V spectra in plage and network regions at disk center. In fact, some of the mechanisms above were proposed, without much success, as a very last attempt to explain the observations. It is our belief, however, that velocity gradients have not been completely exploited yet. A natural extension of the canopy mechanism might include mass motions in the magnetized plasma. Empirical evidence of such motions has been found repeatedly (Solanki 1986 (Solanki , 1989 Sánchez Almeida et al. 1990 ), but stationary flows were ruled out already in the earliest analyses as the dominant source of the asymmetries because they would generate Doppler shifts of the Stokes V zero-crossing wavelengths larger than the reported upper limit of ±250 m s −1 (Solanki 1986 ). Some preliminary calculations, often involving one dimensional models, have confirmed this result (e.g., Solanki & Pahlke 1988) . However, it could be possible that the small shifts of the zero-crossings are effectively produced by velocity gradients in the magnetic atmosphere. These gradients might explain the marginal dependence between the observed shifts and line strength that various analyses have revealed (Solanki 1986; Sánchez Almeida et al. 1989) . If this is the case, stationary flows should be reconsidered again as a possible source of the asymmetries.
In order to proceed further, reliable 2-D fluxtube atmospheres have to be used. -6 -et al. 1984) reveals that the observed Doppler shifts are not randomly distributed and suggests that non-negligible mass motions within the magnetic elements do exist.
Inversion of Stokes profiles from solar magnetic elements and observations
The code we have developed is a generalization of a previous code by Ruiz Cobo & del Toro Iniesta (1992) The model consists of two homogeneous atmospheres, namely the tube itself and the non-magnetic surroundings. To take proper account of the geometry, the emergent Stokes spectrum is computed as an average of vertical rays that pierce the tube at different radial distances. The inversion problem is kept tractable by considering the non-magnetic atmosphere horizontally constant, which is a reasonable assumption for high spatial resolution spectra. The free parameters of the model are the temperature and line of sight velocity stratifications inside and outside the tube, constant microturbulent velocities in both atmospheres, the radius and the magnetic field strength of the tube at a given height, the external gas pressure at that level and the same height-independent macroturbulence for both atmospheres. Contributions due to stray light have been included as well. The RFs -7 -of the Stokes spectrum emerging from such a model were derived and their basic properties discussed by Bellot Rubio, Ruiz Cobo & Collados (1996) .
The inversion code has been applied to averaged and spatially resolved ASP Stokes spectra of Fe I 6301.5 and Fe I 6302.5Å from plage regions in NOAA 7197 (Martínez Pillet et al. 1997) . Typical signal-to-noise ratios are of the order of 500-1000 in the continuum of Stokes I. The average profiles have been constructed from individual spectra whose degree of polarization integrated over a band in 6302.5Å is larger than 0.4%. As a consequence, they are more representative of strong magnetic fields and/or high filling factor regions.
For comparison purposes, very high signal-to-noise, low spatial and temporal resolution FTS spectra from plage regions at disk center will be employed ).
These observations provide a huge number of lines for analysis which will allow us to draw statistically significant conclusions.
Results
The inversion scheme iteratively modifies a guess atmosphere until the best fit between synthetic and observed Stokes spectra is reached. The instrumental profile of the spectrograph (Martínez Pillet et al. 1997 ) is taken into account to eliminate spurious asymmetries and Doppler shifts. For both the magnetic interior and the surroundings, the HSRA model atmosphere (Gingerich et al. 1971 ) has been adopted initially. The magnetic field strength and the radius of the tube at the base of the photosphere (placed arbitrarily at z = −122 km) were taken to be 1500 G and 50 km. For both atmospheres the initial microturbulence was set at 0.6 km s is difficult to assess. In any case, the excellent fit obtained means that the simple thin tube model is able to mimic real observations. At this juncture we want to remark that, even for only two spectral lines, none of the previous attempts to reproduce the shape of Stokes profiles coming from active regions outside sunspots has been as successful as the inversions reported here. Also, it is important to note that we have not antisymmetrized the V profiles.
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The relative Stokes V area asymmetries δA of the average ASP Fe I lines at 6301.5 and 6302.5Å turn out to be 2.8% and 4.0%, whereas the relative amplitude asymmetries δa amount to 10.9% and 9.9% (for a definition of δA and δa see, e.g., Solanki 1989) . These values are correctly reproduced by the combined action of downflows inside and outside the tubes. The synthetic spectra of 6301.5 and 6302.5Å presented in Fig. 1 have δA = 3.2%
and δA = 2.2%. The corresponding values of δa are 8.1% and 7.1%. In order to explain the full Stokes profiles and, in particular, their asymmetries, the velocity gradient recovered by the inversion procedure in the magnetic atmosphere is essential. This most important conclusion has been drawn after a large number of inversions in which no velocities within -9 -the tubes were allowed.
The basic features of the model atmospheres that fit the average Stokes spectrum are still maintained by those inferred from the inversion of individual spectra. Figure 2 shows the Stokes profiles emerging from a number of adjacent pixels in a plage region of NOAA 7197 and the results of the inversions. Non-negligible differences between spectra coming from adjacent points exist, specially in Stokes V and the continuum of Stokes I. These, however, are reproduced by models that share the same basic properties as the atmospheres determined from the average spectra. This strengthens the reliability of the procedure and validates the models to a large extent.
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We want to remark that the internal downflows derived from the inversion of observed spectra are compatible, within error bars, with null velocities in high atmospheric layers; only in deep layers is an abrupt velocity gradient established. This implies a different view about how the asymmetries are generated. For convenience, we shall make a distinction between the cylinder inside the tube and the rest of the magnetic element (the canopy).
While the canopy gives rise to pronounced positive amplitude and area asymmetries, the cylinder produces negative area and positive peak asymmetries. This results in a peak asymmetry significantly larger than the area asymmetry, in accordance with the observed behavior of Stokes V at disk center. The role of the canopy is maintained in our scenario, but now the cylinder creates the necessary negative area asymmetry as to compensate the excess of area asymmetry produced by the canopy. Gradients of velocity (v) and field strength (B) are cospatial and negative within the tube. This leads to the condition d|B| dz dv dz > 0 almost everywhere, which fully explains the sign of δA in the magnetic cylinder (Solanki & Pahlke 1988 ).
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Zero-crossing wavelengths of observed Stokes V profiles
It has been argued from long ago that stationary velocity fields within the magnetic elements cannot be considered as the main source of the asymmetries of Stokes V because the required motions would produce noticeable shifts of their zero-crossing wavelengths.
An observed upper limit of about ±0.25 km s −1 , which is only slightly larger than the estimated accuracy of current wavelength calibrations, has been set in different analyses (Stenflo & Harvey 1985; Solanki 1986 ).
The atmospheres presented in Sect. 3 successfully reproduce the observed profiles of two spectral lines. This means that both area and amplitude asymmetries, and zero-crossing wavelengths are also matched. But, do the recovered velocity fields generate Stokes V zero-crossing shifts compatible with the observations for a large number of spectral lines?
In order to check this point we have used the models resulting from the inversion of the average profiles and a macroturbulence of 1 km s −1 to synthesize the Stokes spectra of 92 unblended Fe I lines with different excitation potentials and strengths in the range 4600-5450Å. Their Stokes V zero-crossings have then been compared to FTS observations. Figure 3 summarizes the analysis and reveals a distinct similarity between observed and computed shifts. FTS wavelengths are not absolutely calibrated, but in any case the correlation found suggests that the velocity gradients derived by the inversion procedure are those required by the observations to be reproduced. Since the selected lines sample the whole photosphere, we conclude that mass motions within fluxtubes increase with depth, thus producing larger zero-crossing shifts for lines formed at deeper layers.
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In view of the evidence presented here we believe that strong indications of velocity gradients in the magnetized plasma exist, and that these may be responsible for the -11 -observed asymmetries of Stokes V in plage regions at disk center. Various mechanisms might explain the downflows, including convective collapse, gas entry into the magnetic structures and viscous drag induced by external convective motions (Steiner et al. 1995) .
Certainly, the origin of velocity gradients in the magnetic atmosphere deserves further theoretical work.
We gratefully acknowledge V. Martínez Pillet, B. Lites and A. Skumanich for providing their reduced ASP observations and for many useful discussions regarding the data. Thanks are also due to S. K. Solanki, who kindly allowed us to compare the FTS zero-crossing shifts with the predictions of our model and made valuable suggestions. This work has been funded by the Spanish DGICYT under project PB91-0530. The inferred macroturbulence ranges from 1.6 to 1.9 km s −1 , the internal microturbulent velocity from 0 to 0.9 km s −1 , and the stray light contamination from 21 to 30 %. The external microturbulence is always null. At the base of the photosphere, the radii of the tubes range from 95 to 107 km, the magnetic field strength from 2070 to 2430 G, and the external gas pressure from 3.43 × 10 5 to 3.80 × 10 5 dyn cm −2 .
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